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1 .

PROCESS FOR THE PREPARATION OF
ETHERIFIED ACETAL POLYMERS

The present invention relates to a process for the
stabilization of acetal polymers, and more particularly
to the transformation of the terminal hydroxyl groups
of said acetal polymers into ether groups.

In the course of the present specification acetal poly-

mers will be understood to signify those products, hav-
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ing a molecular weight exceeding about 10,000, which .

are obtained in the art of polymerization of an aldehyde,
or by copolymerization of several different aldehydes,
or else by copolymerization of one or more aldehydes
with other non-aldehyde monomers.

It is also intended to include in this definition those
acetal polymers which are obtained from cyclic oligo-
mers of aldehydes, such as, for example, trioxan or
tetraoxan (formaldehyde oligomers), or 2-formyl-3,
4-dihydro-2H pyran (acrolein dimer), by homopolymer-
ization or by copolymerization with non-aldehyde mon-
Omers.

It is known that the unstable hydroyxl groups of the
acetal polymers must be transformed into stable groups
for the purpose of imparting to the said polymers those
characteristics of thermal and chemical stability which
are indispensable for their processing and practical use.

The transformation of the hydroxyl groups into ester
groups, by means of a reaction with anhydrides of car-
boxylic acids, and in general with acetic anhydride,
constitutes practically the only technique used. The
transformation of the hydroxyl groups into ether groups
instead is not exploited in practice, notwithstanding the
fact that the acetal polymers with ether terminal groups
exhibit a greater thermal and chemical stability than
those containing ester terminal groups.

In fact, the thermal decomposition of the ester group
in a nitrogen atmosphere generally occurs at around
240°-260° C, whereas the decomposition of the ether
groups occurs at 280°-320° C.

There are other valid reasons for preferring to con-
vert the hydroxyl groups of the acetal polymers in to
ether groups.

In fact, the ester groups are easily hydrolized by
alkaline agents. Furthermore, the greater thermal and
chemical resistance of the ether groups renders the
choice of those additives and stabilizers (such as, for
example, phenolic compounds and basic organic com-
pounds containing nitrogen) which are normally added
to the acetal polymers, less problematic.

The reasons for which the technique involving the
etherification of the acetal polymers is not exploited in
practice lie mainly in the difficulty connected with the
reaction systems required for achieving this purpose.

The known methods of etherification consist in: tran-
setherification, etherification by means of vinyl com-
pounds, etherification by means of organic halides and
etherification by means of cyclic compounds. Transe-
therification constitutes the only method, amongst
those mentioned, which has yielded partly positive
results from the point of view of the recovery and the
thermal and chemical stability of the etherified product.

The other methods have not yielded acceptable re-

sults particularly because of the poor activity of the

reagents in the conditions of etherification.

According to the transetherification method the ter-
minal hydroxyl groups of the acetal polymers are trans-
formed into ethers by reaction with dialkyl-acetals,
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2

ortho-esters, ketals or orthocarbonates in the presence
of catalysts, the polymer being maintained dissolved or
suspended in the reaction medium.

When operating in this manner, the difficulties which
are encountered are mainly connected with the reaction
system used.

In fact, the transetherification reaction occurs in the
presence of catalysts of the cationic type such as boron
trifluoride, or its complexes such as boron trifluoride
etherate or the complex salts of fluoboric acid, for in-
stance, p-nitrobenzenediazofluoborate, or strong or
medium strong mineral acids, whose dissociation con-
stant, or constant of the first acid dissociation, 1s greater
than 10—7. Examples of such acids are: sulphuric acid,
phosphoric acid and perchloric acid.

Other catalysts known for this purpose are strong, or
medium strong, organic acids, whose constant of disso-
ciation is greater than 10—°(such as p-toluenesulphonic
acid, acetic acid and oxalic acid), or phenols with a pK
greater than 5.5, or organic esters of strong or medium
strong acids (mineral or organic), such as ethyl sul-
phate, methyl phosphate or methyl p-toluene-sulphon-
ate).

This method of proceeding promotes, apart from the
blocking reaction of the terminal hydroxyl groups, a
transacetalization reaction within the macromolecular
chain, resulting in a diminution of the molecular weight
of the polymer with respect to the initial value and also
a loss of product due to unzippering, of a greater or
lesser extent, of one of the two polymeric chains result-
ing from the attack of the catalyst.

In the prior art attempts have been made to limit the
transacetalization reaction by altering the etherification
conditions, or by selecting acetal polymers with partlc-
ular characteristics.

For example use has been made of polymers with a
crystallinity index equal to 100% and, furthermore, the
blocking reaction of the terminal groups has been car-
ried out at both low and high temperatures, with a
polymer either suspended or dissolved in the reaction
medium.

In every case the results obtained were unsatisfac-
tory.

In fact, at low temperatures one obtains low reaction
speeds with poor yields of stabilized polymer.

At higher temperatures, operating with either sus-
pended or dissolved polymers, one obtains high reac-
tion speeds with acceptable yields of stabilized polymer.

However, the molecular weight of the polymer suf-
fers a drastic reduction with respect to the initial value,
such as to make it useless for practical purposes. A
notable improvement in the etherification of the termi-
nal hydroxyl groups of the acetal polymers 1s achieved
by the process described in the French Pat. No.
2,173,921. By means of this process it is possible to
achieve high etherification reaction speeds and a con-
siderable reduction of the unwanted molecular weight
diminution phenomena, the operation being carried out
with an acetal polymer suspended in a particular reac-
tion medium.

More precisely, such a medium, which is liquid under
the operating conditions, comprises a substance solvent
for the polymer and a substance in which the polymer is
insoluble, the said solvent and non-solvent substances
being completely miscible at the reaction temperature,
but immiscible, or not readily miscible, at temperatures
lower than the reaction temperature. By operating as
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described in the above mentioned Patent an increased
recovery of the stabilized acetal polymer is achieved.
However, the phenomenon of molecular weight dim-

inution, linked to the presence of catalysts which by
their very nature give rise to the transacetalization reac-

tion, although reduced, is not completely eliminated.

In the final analysis, this fact has limited the applica-
tion of the etherification method to acetal polymers
having a very high molecular weight. The use of cata-
lysts which do not foster the transacetalization reaction
of the acetal polymer, such as, for example, molybde-
num or titanium acetylacetonates or ion-cxchange res-
ins, involves purification problems of the final product,
or requires special expedients or reaction mediums.

It has now been discovered that one can eliminate the
disadvantages of the prior art encountered in blocking

the unstable hydroxyl groups of the acetal polymers by

-~ etherification.

The present invention is essentially based on the dis-
covery according to which the presence of substances
belonging to classes, which will be further defined, 1n
the etherification, medium, allows the said etherifica-
tion to be carried out at a high temperature and at high
speed, while practically completely avoiding the transa-
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cetalization phenomenon within the polymeric chain of 25

the acetal polymers.
Therefore the process of the present invention con-

sists essentially in carrying out the etherification of the

terminal and unstable groups of an acetal polymer with
an orthoester, an epoxide or an acetal in a liquid reac-
tion medium, in the presence of one or more additives

belonging to the following classes:

Class A

To this class belong the compounds which are de-
fined by the general formula:

R;
OH

HO
R4

where R,, R, are alkyl radicals containing from 1 to 138
carbon atoms; R, R, are either hydrogen or are identi-

cal to R, and R,.
Examples of such compounds are: 2, 5-di-tert-amyl-

hydroquinone and 2,5-di-isopropyl-hydroquinone.
Class B

This class comprises the compounds which are defin-
able by the general formula:

OH

Ry

R, R,

OH

where X is oxygen, sulphur or an alkylene radical con-
taining from 1 to 4 carbon atoms; Rs, R¢, R;, Rgare
hydrogen, or alkyl radicals containing from 1 to 13
carbon atoms. Examples of such compounds are: 4,4'thi-
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4
obis(5-tert-butyl-2-methylphenyl); para,para’-iso-
propylidenediphenol; 1,1-bis(2-methyl-4-hydroxy-5-
tert-butylphenyl)butane.

CLASS C

This class comprises the compounds definable by the
general formula:

lfg II{m
H—(II',—-Y—(I'J-—H
Rio Ry

where Y is oxygen, sulphur, or an alkylene radical con-
taining from 1 to 4 carbon atoms; Rgis hydrogen or an
alkyl radical containing from 1 to 18 carbon atoms, or is
identical to Rq; Ryois a substituted phenolic radical.
The compounds of class C can by synthesised by
means of the condensation of phenols with unsaturated

aldehydes or dialdehydes.
Examples of such compounds are: 1, 1,3 (or 4) - tris

(2-methyl-4-hydroxy-5-tert-butylphenyl) butane.
Class D

To this class belong the compounds defined by the
general formula:

Ris Ry
Rys R,
R4 R;;

where R,;, R;3;, R;sare hydrogen or alkyl radicals con-
taining from 1 to 18 carbon atoms; Ry, Ry, Ry are

substituted phenolic radicals.
Belonging to this class are the compounds: 1,3,5-

trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)
benzene.

Class E

Belonging to this class are the compounds defined by
the general formula:

Ry7 Ris
HO Rzl_ﬁﬂo R
O
R19 RZB m

where R, R gare alkyl radicals containing from 1 to 4
carbon atoms preferably placed in the ortho positions;
R, R,oare hydrogen or alkyl radicals containing from
1 to 10 carbon atoms; R, 1s an alkylene radical contain-
ing from 1 to 4 carbon atoms; R is a saturated aliphatic
hydrocarbon radical containing from 1 to 30 carbon
atoms, deriving from the saturated mono or polyalcohol
R(OH),, (with m varying from 1 to 4).

Examples of such compounds are beta (3,5-di-tert-
butyl-4-hydroxyphenyl) octadecyl-propionate; penta-
erythritol tetra [8-(3,5-di-tert-butylphenol) propionate];
1,4-butylenebis [B-(3,5-di-tert-butylphenol) proprion-
ate].
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Class F

Belonging to this class are the compounds defined by
the general formula: |

S
/Rzz
N_ R23
\ 10
R4

where R,,, R,3, R, are hydrogen, or alkyl radicals con-
taining from 1 to 20 carbon atoms, or phenyl radicals
(substituted or unsubstituted) or naphthyl radicals (sub-
stituted or unsubstituted). Examples of such compounds
are: p-phenylenediamine; 4-(p-toluene-sulphonamide)
diphenylamine.

15

Class G

Belonging to this class are the compounds defined by
the general formula:

20

N—Z—N 25

where R,s, Ry, Ry9, Ryg are alkyl radicals containing
from 1 to 10 carbon atoms, or phenyl radicals (substi-
tuted or unsubstituted); or naphthyl radicals (substituted
or unsubstituted), Z is a phenylene, alkylene or cycloal-
kylene radical (substituted or unsubstituted).

Belonging to this class is the compound: N,N’-di-sec-
butyl-N,N'-dimethyl-p-phenylenediamine.

It has been found that when carrying out the etherifi-
cation in the presence of compounds belonging to the
aforementioned classes and within the ambit of the con-
ditions which will be further described, it is possible to
obtain practically quantitative recoveries of the etheri-
fied product, with a molecular weight of the polymer 40
practically unaltered with respect to the initial molecu-
lar weight.

The advantages inherent in the use of the additives of
the present invention can be obtained when blocking
the terminal hydroxyl groups of the acetal polymers by 43
means of any of the known etherification techniques.
Thus, 1t is possible to bring the etherification reagent
into contact with the acetal polymer dissolved or sus-
pended in a liquid reaction medium, the said reaction
medium being inert with regard to the polymer and the 50
other constituents of the reaction medium. Whei the
reaction is carried out in the manner described, the
etherification reagent is usually kept dissolved in the
reaction medium.

It is also possible to operate in accordance with an- 53
other known technique which provides for the etherifi-
cation reagent to be brought into contact with the acetal
polymer in the form of a slurry with a liquid substance
which is a non-solvent for the actual polymer.

Finally, the etherification reaction can be carried out 60
by feeding the gaseous reagent to the solid acetal poly-

- mer.

According to a preferred method of carrying out the
process of the present invention, the reagent is brought
into contact with the acetal polymer suspended in a 65
reaction medium which is liquid in the reaction condi-
tions, the said reaction medium consisting of at least one
substance which 1s a solvent, and at least one substance
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which is a non-solvent for the polymer, the said solvent
and non-solvent substances being completely miscible
at the reaction temperature but immiscible or partly
miscible at temperatures substantially lower than the
reaction temperature. '

Such a technique has been described in the Italian
Pat. No. 946,165.

Whatever the etherification method may be, the use
of the additives of the present invention enable one to
obtain distinctly better results compared with those
obtained in their absence and using the catalysts of the
prior art.

More particularly, the amount of additive used can
vary within a wide range of values dependent on the
nature of the actual additive, the reagent used and the
selected etherification technique.

In general, the said amount can vary from 0.05 to 5
and preferably from 0.1 to 1 parts by weight for every
100 parts of the liquid reaction medium.

The temperature and the duration of the etherifica-
tion reaction are not critical.

In particular, the temperatures values can vary within
a range of from 50° to 200° C, although the best results
are obtained by operating between 120° and 180° C.

When the selected temperature is higher than the
boiling point of the liquid reaction medium, one oper-
ates at a pressure higher than atmospheric for the pur-
pose of preventing the vaporization of the liquid sub-
stances.

The duration of the reaction has practically no other
limit than that required for completing the etherifica-
tion. The times required usually vary from 1 to 120
minutes, depending on the temperature and the nature
of the selected reaction system, it being in every case
preferable to operate in conditions ensuring a high reac-
tion speed.

The reagents suitable for the etherification of the
hydroxyl groups of the acetal polymers belong to the
following classes of compounds: - Orthoesters, such as:
orthoformic, orthoacetic and orthocarbonic esters of
methyl, ethyl, or higher aliphatic alcohols, of cycloali-
phatic alcohols or of aromatic alcohols; - epoxides, such
as ethylene oxide and propylene oxide, - acetals, such as
methylal, 1,1-dimethoxyethane and 1,1-dimethox-
ydimethyl ether.

In the case when one uses a reaction medium of the
type described in the aforementioned French Pat. No.
2,173,921 said reaction medium comprises a substance
which is inert, liquid and solvent for the polymer in the
conditions under which the blocking of the hydroxyl
groups occurs.

Such a substance is generally selected from the fol-
lowing classes of compounds; simple or substituted
amides, such as dimethylformamide or dimethylaeta-
mide; esters such as butyl acetate and methylene glycol
di-acetate; aromatic nitroderivatives such as nitroben-
zene; sulphoxides, such as dimethylsulphoxide; nitriles:
lactones, such as <y-butyrolactone and caprolacetone;
aromatic chlorinated derivatives such as o-dichloroben-
zene.

The reaction medium also contains, in the case under
discussion, an inert substance, which is liquid in the
conditions under which one operates, and in which the
acetal polymer is insoluble in the conditions in which
the transformation of the hydroxyl groups into ether
groups takes place.
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Among such non-solvent substances of use are satu-
rated aliphatic hydrocarbons having linear or branched
chains, cyclo-aliphatic hydrocarbons, and alkylaro-

matic hydrocarbons.
Moreover, the solvent and non-solvent substances

must be miscible at the temperatures of etherification,

whilst they must be immiscible or poorly miscible at
temperatures lower than the reaction temperature, such

as, for example, the ambient temperature (20°-25° C).
According to the preferred embodiment of the process
of the present invention, the acetal polymer is sus-
pended in this reaction medium and then etherified
under the conditions and in the presence of the catalyst
and the additive previously described.

In the experimental Examples which follow, use has
been made of a steel reactor, with a 5 liter capacity,
provided with an anchor agitator, thermometric sheath,
reflux condenser and a device which makes it possible
to operate at a controlled pressure, while maintaining
the system in an inert atmosphere by flushing with a
flow of nitrogen.

The reactor is provided with a jacket for the circula-
tion of oil, connected to the thermostat.

A suction element at the bottom of the reactor, allows
by means of slight over-pressue, the removal of the
reaction mixture, which is directly transferred, through
a pipe, to a steel filter, 30 cm in diameter, provided with
a heating chamber.

The filtering baffle comprises a steel network. The
filter is completely closed in such a manner as to main-
tain a nitrogen atmosphere and is provided with a mo-
bile disc for squeezing the wet filtered polymer.

The collection of the filtered liquid is effected in a
glass flask with a capacity of 5 liters.

In the Examples, the parts and percentages are In-
tended by weight unless otherwise specified.

Example 1 (comparison)

After flushing with nitrogen the apparatus the latter
is loaded under agitation with 1620 grams of pure anhy-
drous e-caprolactone, 80 grams of trimethyl orthoace-
tate, 3.2 grams of nitrobenzene-diazonium fluoborate
and finally 170 grams of polyoxymethylene.

The polyoxymethylene is obtained prior to use by the
polymerization of pure, monomeric formaldehyde, in an
inert medium such as n-hexane, using an anionic type
initiator. The polymer has an inherent viscosity of 1.60,
measured at 60° C in a 0.5% (weight/volume) solution
in p-chlorophenol to which is adasd 2% of a-pinene.

The system is heated by means of oil circulation 1n
such a manner that the internal temperature 1s equal to
160° C. The solution of the polymer is kept at this tem-
perature for 10 minutes.

The cooling step is then started and the polymer is
gradually prempltated giving rise to a dense suspension.

The suspensmn is then transferred to the steel filter
and the polymer is squeezed by the appropnate device.

The polymer remaining on the filter is thoroughly
washed with toluene containing 1% of tributylamine
and subsequently with toluene only. The moist powder
is finally dried in a vacuum oven at 60° C, with the

recovery of 166 grams of product.
The folowing measurements where made on the eth-

erified polymer (P-1);

Inherent viscosity: 7,

Thermal degradation at 220° C in a nitrogen atmo-
sphere: K, - speed of decomposition in percentage by
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weight of polymer per minute, during the first 30 min-
utes, measured with a thermobalance.

Alkali-stable fraction: ASF

A sample of the polymer is dissolved in benzyl alco-
hol containing 1% of triethanolamine for a period of 30

minutes. The polymer/benzyl alcohol ratio is equal to

1/10.
After precipitation of the polymer by cooling, the

suspension is poured at 50° C into methanol and then
filtered. The product recovered is kept in suspension 1n
methanol at 100° C for one hour.

The suspension is then filtered and the polymer is
thoroughly washed with methanol and finally dried 1n a

vacuum oven at 60° C.
The remaining percentage of polymer indicates the

alkalistable fraction.

The following measurements are made on this frac-
tion:

Inherent viscosity: 7, (ASF)

Thermal degradation at 220° C in a nitrogen atmo-

sphere: K,,; (ASF)
The results obtained are summarized in Table 1.

Example 2

Using the procedure of Example 1, the reactor 1s
charged with 1620 grams of pure, anhydrous e-
caprolactone, 80 grams of trimethyl orthoacetate, 3.2
grams of p-nitrobenzenediazonium fluoborate, 7.7
grams of diphenylamine and then 170 grams of the
pelyoxymethylene of Example 1.

The reaction is carried out at 160° C, for 10 minutes,
the apparatus being heated by means of the thermostat.

The polymer finally recovered is washed with tolu-
ene containing 1% of tributylamine and then with meth-
anol. The drying is effected in a vacuum oven at 60° C,
167.5 grams of etherified polyoxymethylene being ob-
tained in this manner. The measurements described in
Example 1 are carried out on this polyoxymethylene.
The results are summarized in Table 1.

TABLE 1
Examples Yield(%) %, K, ASF 7(ASF) K,(ASF)
P-1 97.5 0.80 0.04 975 0.82 0.02
P-2 98.5 1.58 0.04 98,0 1.60 0.02

EXAMPLE 3 (comparison)

The reactor is charged, in the manner indicated, with
360 grams of dimethyl sulphoxide, 720 grams of n-dode-
cylbenzene, 300 grams of triethyl orthobenzoate, 6.25
grams of diethyl sulphate and finally 400 grams of poly-
oxymethylene. The polymer is obtained in the same
manner as described in Example 1 and has an inherent
viscosity of 2.50. The reactor is brought up to 145° C by
means of a thermostat; the fluid suspension is kept at this
temperature for 60 minutes and then cooling is started.

The suspension is filtered and the product remaining
on the filter is squeezed and washed, first with toluene
and then with methanol.

The liquid recovered in the collecting flask separates
into two layers.

The etherified, moist polyoxymethylene 1s kept under
agitation in suspension in a (1:1) water-methano! solu-
tion containing 10% of ammonia, at boiling point for 30
minutes. The polymer to solution ratio is of 1:3.

Finally the suspension is filtered and the polymer i1s

thoroughly washed with water.
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Drying is effected in a vacuum oven at 60° C, with a
recovery of 390 grams of product.
The measurements described in Example 1 are ef-

fected on the polymer. The results are summarized In
Table 2, under (P-3).

EXAMPLE 4

The reactor is charged in the manner indicated with
360 grams of dimethyl sulphoxide, 720 grams of n-dode-
cyl benzene, 300 grams of triethyl orthobenzoate, 6.25
grams of diethyl sulphate, 6 grams of 2,4-dimethyl-6-
tert-butyl phenol and finally 400 grams of polyoxymeth-
ylene. The polymer is identical to that of Example 3.

The thermostatically controlled reactor is brought up
to 145° C for a period of 60 minutes.

Subsequently, the suspension is cooled and filtered
through the steel filter.

The liquid recovered in the collection flask separates,
at low temperatures, into two layers.

The granular powder remaining on the filter is
washed and treated in the manner described in Example
3.

After final drying one obtains 392 grams of product.

The measurements described in Example 1 are ef-

fected on the polymer (P-4). The results are summarized
in Table 2.

TABLE 2
Example Yield% %, K, ASF 7ASF K,,;ASF
(P-3) 97.5 1.50 0.05 97.0 1.50 0.03
(P-4) 98.0 247 0.05 975 2.48 0.03

EXAMPLE 5

The reactor is charged in the manner indicated with
1,500 grams of linear paraffins (C;,—-Ci¢), 150 grams of 3
triethyl orthoformate, 3.5 grams of perchloric acid, 10.5
grams of octadecyl-B(3,5-di-tert-butyl-4-hydroxyphe-
nyl) propionate and 300 grams of polyoxymethylene
The polymer is obtained as indicated in Example 1 and
has an inherent viscosity of 1.40.

The reactor is brought to a temperature of 160° C by
means of thermostatically controlled oil, and kept at this
temperature for 5 minutes. The cooling step is then
started. The suspension is transferred by means of slight
overpressure to the steel filter. The remaining polymer
is thoroughly washed with acetone, and then with
water containing triethylamine and finally with ace-
tone.

The moist polymer is dried in a vacuum oven at 60°
C, and one recovers in this manner 286 grams of prod-
uct with an inherent viscosity of 1.385.

The final product (P- 5) when subjected to the ther-
mal degradation test, has given a value of K,y equal to
0.05 and when subjected to the alkaline attack test, an
ASF value equal to 97%.

EXAMPLE 6

The reactor is charged with 1400 grams of nitroben-
zene, 350 grams of hexamethylphosphoric triamide 7.5
grams of p-toluenesulphonic acid, 175 grams of 1,1-
dimethoxydimethyl ether, 10 grams of 4,4'-thiobis(6-
tert-butyl-3-methyl phenol) and 400 grams of poly-
chloroacetaldehyde. The polymer is obtained by poly-
merization at a temperature of —70° C, using an anionic
initiator, in a dispersing medium such as n-heptane. The
system is heated by means of thermostatically con-
trolled oil circulation in such a manner that the internal
temperature is 155°-160° C. The suspension i1s main-
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tained under these conditions for 30 minutes and the
cooling 1s then started.

The suspension is transferred by slight overpressure
on to the steel filter. The polymer is thoroughly washed
with toluene and then with methanol containing trieth-
ylamine.

The moist polymer 1s dried in a vacuum oven at 60°
C, and in this manner one recovers 392 grams of prod-
uct.

The final product (P-6) when subjected to the ther-
mal degradation test has given a value of K,,, equal to
0.05 and in the case of the alkaline attack test an ASF
value equal to 96.5%.

EXAMPLE 7

The reactor is charged in the manner indicated in
Example 1 with 1000 grams of o-dichlorobenzene, 1000
grams of n-decane, 42.5 grams of trimethyl orthobenzo-
ate, 2.1 grams of phosphoric acid, 1.5 grams of N,N’-di-
sec-butyl-dimethyl-p-phenylenediamine and finally 500
grams of polyoxymethylene identical to that of Exam-
ple 1.

The reaction is carried out at 150° C for 20’, the reac-
tor being heated by means of thermostatically con-
trolled oil.

The suspension is cooled to and filtered on the steel
filter; the remaining polymer is thoroughly washed with
toluene containing 1% of tributylamine and then with
methanol. The polymer is dried in a vacuum oven at 60°
C and one recovers in this manner 490 grams of product
with an inherent viscosity of 1.59.

A part of the final product is stabilized by the addi-
tion of 0.3% of 4,4-butylidene bis (3-methyl-6-tert-
butyl phenol) and 0.5% of polyamide - 6, the mixture is
extruded at a temperature of from 190° to 220° C and
from the granulate polymer, bars are obtained by means
of injection molding.

The bars (P-7) are subjected to the thermal degrada-
tion test.

The test-specimens are subjected to an accelerated
ageing test by immersion in demineralized H,O for 100
hours at 95° C; on completion of the test the bars are
dried and once more subjected to the thermal degrada-
tion test. The data (P-7) are summarized in Table 3.

For the purpose of comparison a sample of polyoxy-
methylene identical to that used for the etherification, is
acetylated by means of acetic anhydride and at the end
of the reaction the acetylated product has an inherent
viscosity of 1.60. The acetylated polymer is stabilized
and extruded in the same manner as the etherified poly-
mer (P-7).

By means of injection moulding, test bars are ob-
tained which are subjected to the test already described

for the etherified polymer. The results (P-8) are summa-
rized in Table 3.

TABLE 3
K0
(P-7) initial 0.01
(P-7) aged 0.02
(P-8) initial 0.01
(P-8) aged 0.5
EXAMPLE 8

The reactor is charged with 300 grams of hexame-
thylphosphoric triamide, 600 grams of a mixture of
linear paraffins (C;,-C,¢) identical to those of Example
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5, 250 grams of methyl-di-isoamyl orthoformate, 1.6
grams of octadecyl sulphonate, 8 grams of 1,3,5-
trimethyl-2,4,6-tris (3,5-di-tert-butyl-4-hydroxybenzy!)
benzene and 260 grams of polyoxmethylene obtained as
in Example 1 and with an inherent viscosity of 1.25.

The reaction is carried out for 10’ at 155° C, the reac-
tor being heated by means of thermostatically con-
trolled oil. The recovered polymer 1s washed with ace-
tone, then with toluene containing 1% of propylamine
and finally with methanol. The drying is effected 1n a
vacuum oven at 60° C and one obtains 1n this manner
245 grams of polymer with an inherent viscosity of 1.25.

The final polymer (P-9) is stabilized and extruded as
described in Example 7, “8” shaped specimens being
obtained from the granulate polymer by injection mold-
ing.

The test-specimens are subjected to an accelerated
ageing test by immersion in H,0O and a detersive agent
(pH=11) for 500 hour at 95° C.

After the alkaline test some mechanical properties are
determined on the neutralized and dried test-specimens.
The relative data (P-9) are summarized in Table 4.

For the purpose of comparison, a sample of the poly-
oxymethylene used for the etherification previously
described, is subjected to acetylation by means of acetic
anhydride and finally one obtains a sample with an

inherent viscosity of 1.265.
The acetylated polyoxymethylene is stabilized and

extruded in the same manner as in Example 7.
“8” spaced specimens are obtained by injection mold-

ing, and said specimens are subjected to the tests previ-

ously described.
The results (P-10) are summarized in Table 4.

TABLE 4
Impact
Elongation at  Tensile strength  strength 1Z0D
break (%) (Kg/sq.cm) (Kg.cm/sq.cm)

ASTM D638 ASTM D638 ASTM D256
(P-9)initial 30 700 10
(P-9) aged 26 680 8.0
(P-10)initial 30 700 10.0
(P-10) aged 12 660 4.0

EXAMPLE 9

The reactor is charged as indicated in Example 1 with
500 grams of y-butyrolacetone, 1000 grams of n-dode-
cyl benzene, 400 grams of trimethyl orthoformate, 3
grams of perchloric acid, 3 grams of 2,5-di-isopropyl-
hydroquinone and 400 grams of polyoxymethylene
obtained as in Example 1 and with an inherent viscosity

of 1.50.
The reaction is carried out at 145° for 30, the reactor

being heated by means of thermostatically controlled
oil.

The polymer finally recovered is washed with tolu-
ene containing 1% of triethylamine and then with meth-

anol.
The drying is effected in a vacuum oven at 60° C and

one obtains 390 grams of polymer with an inherent

viscosity of 1.51.
The polymer recovered is stabilized and extruded as

described in Example 7 and test bars are obtained from

the granulate polymer by means of injection molding;
the test-specimens (P-11) are subjected to the alkaline
test described in Example 8. After the alkaline attack
test the specimens are thoroughly washed with H,0 and
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dried, and some mechanical properties are then deter-
mined. |

For the purpose of comparison a sample of polyoxy-
methylene identical to that used for the above described
etherification, is subjected to acetylation by means of
acetic anhydride. The acetylated polymer (P-12) has an
inherent viscosity of 1.50.

The acetylated polyoxymethylene is then stabilized
and extruded according to the same procedure. “8”
shaped specimens obtained by injection molding are
subjected to the tests previously indicated.

The results are summartzed in Table 5.

TABLE 3
Impact
Elongation at  Tensile strength strength IZ0D
break (%) (Kg./sq.cm) (Kg.cm/sq.cm)
ASTM D638 ASTM D638 ASTM D256
(P-11)initial 40 730 14
(P-11) aged 34 700 12
(P-12)inttial 730 14
40
(P-11) aged 12 670 5
We claim:

1. A method for the etherification of the unstable
terminal hydroxyl groups of an acetal polymer, which
comprises bringing said acetal polymer into contact
with an etherification reagent selected from the group
consisting of orthoesters, epoxides and acetals in the
presence of 4-(p-toluenesulphonamide) diphenylamine
as an additive stabilizer and subsequently etherifying
said acetal polymer in a liquid reaction medium at a
temperature of from 50° to 200° C wherein said additive
is present in an amount of from 0.03 to 5 parts by weight
of said liquid reaction medium. |

2. The method of claim 1, wherein said additive is
2,5-di-tert-amyl-hydroquinone.

3. The method of claim 1, wherein said additive 1s
2,5-di-isopropyl-hydroquinone.

4, The method of claim 1, wherein said additive is
4,4’-thiobis(5-tert-butyl-2-methyl-phenol).

5. The method of claim I, wherein said additive is
para, para’-isopropylenediphenol.

6. The method of claim 1, wherein said additive is
1,1-bis(2-methyl-4-hydroxy-5-tert-butyl-phenyl) butane.

7. The method of claim 1, wherein said additive is
1,1,3-tris(2-methyl-4-hydroxy-5-tert-butyl-phenyl) bu-
tane.

8. The method of claim 1, wherein said additive is
1,1,4-tris(2-methyl-4-hydroxy-3-tert-butyl-phenyl) bu-
tane.

9. The method of claim 1, wherein said additive is
1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxy-
benzyl) benzene.

10. The method of claim 1, wherein said additive 1s
beta (3,5-di-tert-butyl-4-hydroxyphenyl) octadecyl-pro-
pionate.

11. The method of claim 1, wherein said additive i1s
pentaerythritol tetra.

12. The method of claim 1, wherein said additive is
1,4-butylenebis propionate.

13. The method of claim 1, wherein said additive is
p-phenylenediamine.

14. The method of claim 1, wherein said additive is
N,N’-di-sec-butyl-N,N’-dimethyl-p-phenylenediamine.

15. The method of claim 1, wherein said additive is
present in an amount of from 0.1 to 1.0 parts by weight
for each 100 parts by weight of said liquid reaction

medium.
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16. The method of claim 1, wherein said etherifica-
tion is carried out for a period of from 1 to 120 minutes.

17. The method of claim 1, wherein said etherifica-
tion 1s carried out at a temperature of from 120° to 180°
C.

18. The method of claim 1, wherein said etherifica-
tion 1s conducted in the presence of a catalyst.

19. The method of claim 1, wherein for said etherifi-
cation reagent
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said orthoesters are selected from the group consist-
ing of orthoformic, orthoacetic and orthocarbonic
esters of methyl, ethyl, or higher aliphatic alcohols,
of cycloaliphatic alcohols or of aromatic alcohols;
said epoxides are selected from the group consisting
of ethylene oxide and propylene oxide; and
said acetals are selected from the group consisting of
methylal, 1,1-dimethoxyethane and 1,1-dimethox-
ydimethyl ether.
-

L e



PATENT NO.

DATED

INVENTOR(S) :

U NTTED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

4,097,453

June 27, 1978

PIERINO RADICI ET AL

Page 1 of 2

It is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

Col.
Col.
Col.
Col.
Col.
Col.
Col.
Col.

Col.

12,
12,
12,
12,
12,
12,
12,
12,

12,

Claim 2,
Claim 3,
Claim 4,
Claim 5,
Claim 6,
Claim 7/,
Claim 8,

Claim 9,

line 1, after "1," insert —-
stabilizer additive --.

1ine 1, after "1," insert --

stabilizer additive ——.
line 1, after "1," insert —-
gtabilizer additive --.
line 1, after "1," insert --
stabilizer additive ——.
line 1, after "1," insert -—-
stabilizer additive —-.
line 1, after "1," insert --
stabilizer additive --.
line 1, after "1," insert --
stabilizer additive -—-.

containing an additional
containing an additional
ocontaining an additional
containing an additional
containing an additional
containing an additional
containing an additional

containing an additional

Claim 10, line 1, after "1," insert -- containing an additional

stabilizer additive —.




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,097,453 Page 2 of 2
DATED i June 27, 1978
INVENTOR(S) PIERINO RADICI ET AL

It is certified that error appears in the above—identified patent and that said Letters Patent
- is hereby corrected as shown below: '

Col. 12, Claim 11, line 1, after "1," insert -— containing an additional
stabilizer additive --.

Col. 12, Claim 12, line 1, after "1," insert -- containing an additional
stabilizer additive --.

Col. 12, Claim 13, line 1, after "1," insert -- containing an additional
- stabilizer additive =—-.

Col. 12, Claim 14, line 1, after "1," insert -- containing an additional

stabilizer additive --. ,
Signed and Sealed this

Twenty-sixth Da y Of October 1982
ISEAL]} |

Attest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks



	Front Page
	Specification
	Claims
	Corrections/Annotated Pages

